Objective : The aim of the present study is to estimate the incidence trend of head injury and the mortality based on traffic accident statistics and to investigate the impacts of rapid industrialization and economic growth on epidemiology of head injury in Korea over the period 1970-2012 including both pre-industrialized and post-industrialized stages. Methods : We collected data of head injury estimated from traffic accident statistics and seven hospital based reports to see incidence trends between 1970 and 2012. We also investigated the population structure and Gross National Income (GNI) per capita of Korea over the same period. The age specific data were investigated from 1992 to 2012. Results : The incidence of head injury gradually rose in the 1970s and the 1980s but stabilized until the 1990s with transient rise and then started to decline slowly in the 2000s. The mortality grew until 1991 but gradually declined ever since. However, the old age groups showed rather slight increase in both rates. The degree of decrease in the mortality has been more rapid than the incidence on head injury. Conclusion : In Korea during the low income stage, rapid industrialization cause considerable increase in the mortality and the incidence of head injury. During the high income stage, the incidence of head injury gradually declined and the mortality dropped more rapidly than the incidence due to preventive measures and satisfactory medical care. Nevertheless, the old age groups revealed rather slight increase in both rates owing to the large population structure and the declining birth rate.
statistics, death rate from traumatic injuries does not identify head injuries, although their incidence reflects geographical differences and trends over time in the frequency of trauma deaths as a whole 11) . Epidemiologic study of head injury in Korea is very important because tremendous increase in the number of traffic accidents has been observed with its rapid industrial and economic growth. Korea had one of the world's fastest growing economies from the early 1970s to the late 1990s, and remains one of the fastest growing developed countries in the 2000s.
Statistics by national health insurance databank was available only from 2004. It wasn't until 2010 that the Korea Trauma Data Bank Committee was founded within Korean Society of Neurotrauma for epidemiologic study 18) . Consequently the authors tried to outline the trend of incidence of head injury using Traffic Accident Statistical Database from 1970 to 2012 and seven
INTRODUCTION
Traumatic injuries have a considerable impact on the population's health in terms of mortality, morbidity and disability 1, 21) . Trauma is the major cause of death for all age groups in most countries as well as in Korea. Approximately half of all trauma deaths are associated with head injury, and more than 60% of traffic accidental deaths are due to head injury 3, 23) . Some patients who survive the primary injury are frequently left with significant neurological deficit and often require prolonged hospitalization or long-term care. This situation would result in extended loss of productive function and a prohibitive cost for the country 4, 8) .
As a general rule, it is difficult to discover reliable statistics from routinely collected data. Referring the several available traffic accidents). In the same way we estimated the incidence of head injury from 1970 to 2012 and plotted a line graph for easy interpretation of the trend of the incidence and the mortality on head injury. The age specific data on traffic accidents are unfortunately available from 1992. They were displayed on a line graph with separate 8 age-groups.
We also investigated Gross National Income (GNI) per capita quoting the data reported by World Macroeconomic Research 10) and the population pyramid produced by Statistics Korea over the same period. And we tried to investigate how the structure of population and the growth of GNI by industrialization make on impact on epidemiology of head injury. We plotted all the calculated data of annual incidence on head injury in the linear reports of hospital based head injury. The aim of the present study is to estimate the incidence of head injury based on traffic accident statistics and to describe the incidence trends and the impacts of rapid industrialization on head injury epidemiology in Korea over the period 1970-2012 including both of developing and developed terms.
RESULTS

Referring
MATERIALS AND METHODS
It is of limited value that reports of head injuries are carried out by clinicians. Because the several different specialists are responsible for head injuries of different severities with varying admission and transfer policies, it is not easy to put these reports into an epidemiological setting. Furthermore, most head injuries admitted to hospital are mild, but many clinical reports are produced by neurosurgeons who focus only on the 5-10% of severe or complicated injuries that are transferred to them. Therefore it is very demanding to acquire the total number of head injuries in Korea.
Our concern is not to know the total number of head injuries but to understand the trend of epidemiology on head injury before and after industrialization. Statistics by national health insurance databank was available only from 2004. It wasn't until 2010 that the Korea Trauma Data Bank Committee was founded within Korean Society of Neurotrauma for the purpose of injury prevention, clinical research and policy development on head injury. Consequently the authors tried to outline the trend of incidence of head injury and to understand epidemiologic effects of rapid industrialization on head injury using Traffic Accident Statistical Database from 1970 to 2012 and seven reports of hospital based head injury. There are two different types of databases on traffic accident statistics. The first is the Police Road Accident Database and the second is the Integrated Road Accident database, the latter being an aggregated database from police, insurance companies and mutual aid associations. The latter is more reasonable and realistic but has data only from 2007 not including developing stage. Thus we used the first data to cover both before and after industrialization. Lee 16) estimated the incidence of head injury by reviewing seven hospital based reports (Table 1 ) and applying to national traffic accident statistics. Analyzing the cause of head injury on those reports by hospitals, the traffic accident was about 62.5% of all head injuries. He made approximate calculations of the incidence of head injury by a formula H=T/0.625 (H : the total number of head injury, T : the total number of patients due to Table 1 . Hospital reports on the head injury in Korea
Cho et al. 6) Rhee et al. 22) Moon et al. 19) Lee et al. 17) Jun et al. 12) Lee et al. 15) Kim et al. 14) Traffic accident, % 50 graph from 1970 through 2012 to estimate the trend of the incidence of head injury (Fig. 1) . The incidence trend displayed steady increase in the 1970s and the 1980s. It was stabilized in 1990s with some fluctuations and then started to decline in 2000s. The age specific data on traffic accidents revealed different appearance by age groups. The age group of 20s and 30s represented highest incidence, which reached a peak in 2000 and then declined gradually. On the contrary, the incidence trends of the old age groups over 50 increased slightly (Fig. 2) . As a result of traffic accident, according to the Traffic Accident Statistics the total number of death was 3051 in 1970, 5608 in 1980, 13429 in 1991, 10236 in 2000 and 5392 in 2012. Taking into account of the total population of Korea in each year, the annual mortality rate per 100000 would be 9.5 in 1970, 14.7 in 1980, 31.0 in 1991, 21.8 in 2000, and 10.8 in 2012. We draw all the data of annual mortality on traffic accidents in the linear graph from 1970 through 2012 to understand the trend of the mortality (Fig. 3) . The mortality trend per 100000 population showed gradual increase until 1991. And after that time it has been declining with some changes. Between 1990 and 2012, the number of road fatalities decreased by 62%, while the number of the injured decreased by only 12.4%. Although there was transient increase in around 1996, as a whole age specific mortality trends declined gradually with some fluctuation except the age group over 65. On the contrary it was slightly increasing in the age group over 65 (Fig. 4) .
World (Fig. 5) . The average annual growth of GNI per capita in Korea was 614.3 dollars or 203.2%.
DISCUSSION
Data on the incidence figures for head injury was lacking in Korea excluding some hospital based reports. Statistics by national health insurance databank did not provide information on low income and pre-industrial stage. The Korea Trauma Data Bank started to work on programs only from 2010. Therefore the authors had no choice but to use Traffic Accident Sta- tistical Database from 1970 to 2012 to outline the trend of incidence of head injury and tried to understand epidemiologic impacts of rapid industrialization on head injury. The reported annual incidence of head injury has varied widely owing to different study methods, case definitions, time periods and geographic locations although many studies are based primarily or exclusively on hospitalized cases and mortality 3) . Differences in study methods of head injury may result in divergent estimates of numbers and make inter-study comparison difficult. However when inclusion and exclusion criteria are considered, the relative incidences and trends are congruent.
Since the Korea Trauma Data Bank System has problems to perform our epidemiological purpose 13) , we employed Lee 16) 's estimation in this article that the traffic accident was about 62.5% of all head injuries based on reviewing seven hospital based reports 6, 11, 13, 14, 16, 18, 20) . This estimation has a minor problem that those hospital reports were performed in the short term and early stage between 1966 and 1987. However this would not be trouble as the aim of this study was to assess the trend of incidence rather than actual incidence for head injury over the period 1970-2012. During the 1970s and the 1980s the incidence trend of head injury revealed constant increase. At that time civic consciousness of keeping the road traffic law was lacking. According to World Macroeconomic Research, GNI per capita in Korea was 302 dollars in 1970, 649 dollars in 1975, and 1777 dollars in 1980. Thus we were at low income stage in 1970s. However we started to accelerate industrialization in 1980s to break out of low income stage. As a result of rapid industrialization GNI per capita had increased to 2495 dollars in 1985, 4766 dollars in 1988 (the year of Seoul Olympic), and 6,608 dollars in 1990. Especially Korea has observed a very rapid increase in motorization due to the development of automobile manufacturing industry in 1980s and 1990s. In spite of more rapid increase of in the number of motor vehicles, the incidence of head injury was stabilized in 1990s with some fluctuations and then continued to decline in 2000s. The mortality trend per 100000 population showed gradual increase until 1991, which peaked in 1991 at 13429. Since then, road deaths have decreased with some fluctuations and were halved in 2004. This important decrease is due in part to the several measures of reinforcement on road traffic laws, which include the compulsory wearing of front seatbelts in 1990, nation-wide implementation of speed enforcement cameras since 1997 and enforcement against drunk driving in 1998. In Taiwan and United States, the number of motorcycle-related injuries declined considerably by 33% after the implementation of the motorcycle helmet law 2, 5) . Becoming high-income people, civic consciousness on traffic safety was much improved. Between 1990 and 2012, the rate of decrease for the mortality has been more rapid than the incidence of head injury. This means that the severity of accidents has diminished more rapidly than their occurrence owing to Strengthening Safety Policy 25) . In addition, Korea made great and rapid strides in the health care delivery system especially on head injury. Various diagnostic and treatment modalities have been introduced to improve the outcome of head injury. Neurosurgical intensive care unit (NICU) was set up on a nation-wide scale to manage severe traumatic brain injury In 1960s, 1970s. At present, monitoring of ICP, brain oxygen, and cerebral blood flow is available for better outcome at NICU. In terms of treatment modalities, induced hypothermia, barbiturate coma therapy, and hyperosmotic therapy can be beneficial for severe traumatic brain injury.
Both of age-associated incidence and mortality trends display peak in 21-40 age groups because they are most energetic during life. Contrary to young age, both of incidence and mortality trends of old age show slightly increasing tendency in spite of high income stage and satisfactory quality of medical care. Age is an important factor influencing outcome after severe head injury. In general, the older the victim is, the higher the probability of a poor outcome is 9, 24) . Older patients have been reported to have a markedly higher complication and death rates, which might be involved in the age-dependent mortality in trauma victims 7, 20) . In addition, seeing the incidence and mortality rate was increasing in old age, it was necessary to understand 4-stage population pyramids of demographic transition model in Korea (Fig. 6) . Demographic transition refers to the transition from high birth and death rates to low birth and death rates as a country develops from a pre-industrial to an industrialized economic system. Population pyramid of 1960 in Korea come under stage one, pre-industrial society, death rates and birth rates are high and roughly in balance. Population pyramid of 1980 is equivalent to stage two, that of a developing country, the death rates drop rapidly due to improvements in food supply and sanitation. Population pyramid of 1995 falls under stage three, birth rates decrease due to access to contraception, increases in wages, urbanization, a reduction in subsistence agriculture. Population pyramid of 2010 is applicable to stage four. There are both low birth rates and low death rates. After all, Korea has the large aging population and the declining birth rate. This would be the one of major reasons why incidence and mortality rate of the old age was continuously increasing.
With respect to incidence of head injury in this study, popu- lation of ages from 51 to 60 shows most dramatic increase in incidence, whereas the fatality is highest in population of ages more than 65. On this peculiar finding we need to consider preexisting disease. Although we could not investigate about preexisting disease with head injury in old patients in this study, according to report from the Japan Neurotrauma Data Bank, the older group had a significantly higher rate of preexisting disease 24) . Furthermore, alteration in the pathophysiological response, which is related to the development of secondary brain injury in the aging brain, probably contributes to more severe and irreversible brain damage in older patients, and is thus associated with poor outcomes 24) . Epidemiological studies on head injury are required to initiate appropriate preventive measures and to plan necessary services. However, in Korea there has been few nationwide epidemiologic survey on head injury. At long last, the Korea Trauma Data Bank Committee for Head Injury began its formal activity in 2010. However, since it has still lots of incomplete or incomprehensible data and less specified items for cause of injury, we need to make much more improvements to neuro-trauma data bank for more nation-wide project on epidemiology of head injury 13, 18) .
CONCLUSION
Although at the moment epidemiologic study of head injury is an under-researched in Korea, investigating the traffic accident statistic data analysis and reviewing some medical reports, the results of this study support the following fact. In Korea during the low income and pre-industrial stage, rapid industrialization especially on very rapid motorization cause considerable increase in mortality and incidence of head injury. During the high income and post-industrialized stage, despite rapid increase in the number of motor vehicles the incidence of head injury gradually declined and the mortality dropped more rapidly than injuries. However, in spite of preventive measures of traffic accidents and satisfactory quality of medical care, the old age groups revealed rather slight increase in both of the mortality and incidence of head injury owing to the large aging population and the declining birth rate shown by population pyramid.
